METHODS

Irradiation
All animals irradiated received total-body irradiation from a 220-kv x-ray beam. The filters employed were 0.5 mm of Cu and 1.2 mm of Al. The dose was measured in paraffin phantoms appropriate to the species being irradiated.
Seventy-three New Zealand white rabbits received 800 to 850 r at a dose rate of 40 r /min.
Eight dogs were irradiated; two received 425 r; six received 550 :r.
The dose rate for all was 6 r/min.
Thirty rats of the Long--Evans strain received 850 r; Seventy-five inbred Curtis Dunnings were given 750 r. The dose :tate was 20 r/min .
One -hundred and sixty A -strain mice received 800 r at a rate of 20 r/rcin.
Blood samples were drawn before and at various times after irradiation for all animals. Bleeding was done via the ear vein, neck vein, abdominal aorta, and heart for the rabbits, dogs, rats, and mice respectively.
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Lipoprotein Analysis
The techniques for separating lipc)proteins from other protein molecules of the serum on the basis of their hydrated.dEirisities are' described fully by ' ' 3 ' De Lalla and Gofman·. ·Their paper describes. three types of preparative ultracentrifugations which result in the isolation of lipqprotein molecules of densities less than 1.063 g/ml, densities less than L 125 g/ml, and densities less than 1.200 g/ml. Lipoproteins isolated in a flotation medium of density 1.0 63 g/ml ar·e referred to as low-density lipoproteins, while the additionai lipoproteins isolated from media of densities 1.125 g/ml and 1.200 g/ml are the high-density lipoproteins.
After preparative ultracentrifugation the i~olated lipoprotein group is 1: ' • run in an analytic ultracentrifuge, which characterizes the molecules in terms of concentrations and flotation rates.
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In this paper th~ee .flotation rates are used corresponding to ~he three types of preparative ul!racimtrifuge runs by which the samples to be analyzed we;re prepared.
(a) 1 Sf unit represents a flotation rate of 1 x 10 -l 3 em/ sec/ dyne/ g in a sodium chloride solution of density 1.063 g/ml at 26°C.
Defined as above except that the solution density is 1.125 g/ml and contains sodium. nitrate .and n 2 o .as well as the sodium chlor:iOO. between sf '' 2-12 anc:I betw:een sf '0~ 7 for the rats and ,mice respectively. 1.20
l.ZO -For one group of rats· the changes in corice~'tration of -tlie low-'densify molecule s were also determined.
The lipoproteins of the dog were d:l~ided' into three classes: . Class 1 includes the low-density lipoproteins; Class 2 includes the additional lipo-
• . .
proteins· of higher density isolated in a flotation medium of density 1.1?,5 g/ml; Class 3 includes the lipoproteins of still}ligh density, which are isolated in addition to Classes 1 and 2 in a flotation medium of density 1.200 g/ml.
These three classes can be measured approximately in terms of flotation rates as follows:
Ciass 1 ---Sf "from the concentration of these molecules gives the concentration of Class 3.
RESULTS
The Rabbit
Eighteen rabbits were used to study the changes in lipoprotein concentration with time after irradiation. They were divided into two groups of nine whose serum later became very opalescent, a slight increase in the lipoprotein concentrations was seen as early as 8 hours. Usually the first ln-
• !
• dication that large lipoprotein increases will occur is noted between 12 and 18 hours. In all animals a maximum in the concentration curves is reached at approximately 30 hou~s. This is followed by, a.dec-rease duri11g the second and third days. From this point the curves of Fig. 1 The curve given by the analytic ultracentrifuge; at a given time aft~r the rotar has reached its operating speed, can be considered as ad inverted frequencydistribution curve. An ordinate of the curve is pr-oportional to the concentration of iipoproteinmolecules o'f ~species ch~racterized by the Sf r~te at the point at which the ordinate is measured. The position of the maximum ordinate of the curve at a given time during an ultraceritrifugal run defines the Sf rate of ...
• .. • To examine the effects of bleeding alone on the change in Sf rate, nine control animals were bled before and after a 30 -hour interval and compared with 10 animals that were bled before and 30-hours after receiving 800 r.
The changes in lipoprotein concentrations and flotation rates are compared in Table I . For the control animals changes in Sf rates of the maximum ordinate within the Sf 5-15 class ranged from -1.6 to -+0.7 Sf units. For the irradiated animals the range was from +1.1 to +5.8. Although changes do occur in the Sf rate of the maximum ordinate in the control rabbits, they are, with one exc~ption, only about 1/2 the value seen in the group that has been exposed to x-rays. Also they are distributed between plus and minus values, -17- 
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Rat and Mouse
It has been shown 6 that a large increase in serum cholesterol concentration occurs in rats on the fourth day after the animals have received an x-ray dose of 600 to 900 r. Since cholesterol is a major component of lipoproteins, it might be expected that lipoprotein increases would occur at this time.
In the normal rat, lipoproteins of high and low densities are found.
However, the concentration of molecules present with hydrated densities greater than L063 g/ml is much higher than the concentration of molecules of lower density. In this respect the situation in the rat is similar to that in the dog. The two species of animals differ in total lipoprotein concentration. In the normal dog, a value for the total lipoproteins may be 700 mgo/o, compared to an average value of 100 mgo/o in the rat. In addition, the highdensity lipoproteins of the normal rat are characterized by a h~gher average flotation rate than those found in the dog.
The nature of the high-density lipoprotein patterns of the rat is shown in Fig. 6 . Figure 6 The changes of lipoprotein concentration with time after irradiation were studied for two groups. Group 1 included 30 Long-Evans strain rats.
Animals in this group received 850 r. At various intervals thereafter five rats at a time were exsanguinated and their sera pooled. This experiment was terminated at the end of three days by the death of the remaining animals.
Group 2 consisted of 75 inbred Curtis-Dunning males, which were given 750 r, and 45 controls. Ten animals were used to determine the time of death , which was found to be 9 to 13 days at this dose. The remaining irradiated animals were exsanguinated seven at a time at periods of 1, 2, 3, 4, 6, and 8 days postirradiation. Each set of seven sera was pooled. Similarly, the controls were divided into six pools containing six sera each .. g/ml is also pldltted for Group 2. The values for these low-density lipoproteins are very small for the first 6 days, so that variations are not significant. The value at 8 days, however, though still small, is apparently well above control levels. The upward trend of these two classes at 8 days may well be the forerunner of another major peak occurring just prior to death at 9 to 13 days.
One consistent finding was that the rats showed some diarrhea on the third day, coincident with the time of the largest lipoprotein increase. Of the 75 irradiated animals of Group 2, 24 were irradiated separately after the nature of the curve had been determined. These were sacrificed at 3 days and three pools of seven animals each were formed. Thus the peak at 3 days actually is an average of four pools of seven animals each. All of the last grcup irradiated had diarrhea at 3 days.
As was characteristic of the dogs, in addition to the increase 1n area de-
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c. •. take into account the fact that these lipids exist in the blood in the form of lipid-protein complexes. In human serum we find a whole series of lipoproteins wh~se hydrated densities range from le.ss tpan 1..0 g/ml to 1.15 g/ml.
While these various molecules all .contain lipids and thus permit the general classification of lipoprotein to be applied, they·are nonetheless separate and distinct molecules, possibl'y with widely different metabolic roles. density lipoprotei-ns in the rat at 3 days, the decreased concentrations in the mouse at 4 days, and the increases in the low-density classes of the dog at 10 to 13 days. In addition, the concentrations of the low-density lipo-
proteins of the rat are elevated at 6 days postirradiatioq, ..
The results of these experiments indicate that, at th,e radiation doses used here, a relationship exists between the time of death an9. the time at which specific changes in the lipoprotein patterns appear" The three species--the rabbit, rat, and dog--have in common a relatively large increase in the concentration of the low-density (less than 1.063 g/ml) lipoproteins from 1 to 3 days before the expected time of death, For the rats it cannot be proved from these experiments that the increase is an indication that an individual animal will die, since the observa- 
